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Abstract

We study the didtribution of dectricity prices paid by U.S. manufacturing plants
from 1963 to 2000. Our study relies on a newly congtructed database that includes
information for more than 48,000 manufacturing plants per year linked to additiond data
on electricity suppliers.

The shipments-weighted standard deviation of log electricity prices across
manufacturing plants sood at 26% in 1963, fell sharply to 16% by 1978, and then
changed little over the next 22 years. The “greaet compresson” of price differentidsin
the 1960s and 1970s reflects a dramatic eroson of quantity discounts: the dadticity of
price with respect to annua dectricity usage declined from - 17.5%in 1963 to - 6.5%in
1976, and the fraction of overall digperson accounted for by usage differentials shrank
from 67% to 15%.

Despite efforts to improve the nationa e ectricity transmisson grid during our
sample period and to promote competition in wholesde and retail markets during the
1990s, the spatia dispersion in eectricity pricesisremarkably stable. The between
county standard deviation of log eectricity prices ranges from about 11 to 13% over the
past four decades, with no trend. Most of this spatia variation reflects average price
differences among roughly 350 utilities that supply most of the dectric power to the
manufacturing sector. In turn, power source differences explain much of the average

price differences among utilities.

JEL codes: L60, L94, Q40
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1. Introduction

Severd deveopments and concerns have intendgfied interest in the performance of
the U.S. dectricity sector. These include awave of restructuring and deregulation
initigivesin the 1990s, mgor difficulties in the trandtion to more competitive dectricity
markets, inadequacies in the transmisson grid for eectric power, perdstent regiona
differencesin dectricity prices and, most spectacularly, the Cdiforniaéectricity crigs of
2000-2001. Borengtein (2002), DOE (2002) and Joskow (2003), among others, describe

and analyze these issues.

Despite this intense interest, we lack detailed historical studies of prices paid by
U.S. dectricity consumers. Asareault, there are large gaps in our knowledge about
electricity pricing patterns amidst recent developments and in the preceding decades.
These gaps hamper our ability to place recent developmentsin historica perspective, to
assess the impact of restructuring and regulatory changes on dectricity consumers and to

reach informed judgments about the wisdom of aternative directions for future reforms.

To help address these gaps, we construct a new micro database and use it to
examine the distribution of dectricity prices pad by U.S. manufacturing plants from
1963 to 2000.> The database includes information on dectricity expenditures and
purchases (waitt- hours) for more than 48,000 manufacturing plants per year, which we

link to additiond data on the utilities that supply eectricity. The database relieson

! Historically, industrial purchasers accounted for alarge percentage of retail electricity sales— 48 percent
in 1963, the start of our sample period. That percentage declined over time, but industrial purchasers still
account for 31 percent of retail sales as of 2000 (EIA, 2001). In turn, manufacturing plants account for the
lion’s share of electricity purchases by the industrial sector and, as we show below, average el ectricity
prices for the manufacturing sector are similar to average prices for the industrial sector asawhole.



caendar-year measures of dectricity expenditures and purchases by plantsin the Annua
Survey of Manufactures (ASM). These data are available for 1963, 1967 and annualy

since 1972.

We focus on log prices for the usua reasons and because of the nature of the
variable cogts associated with dectricity transport and ddlivery. In particular, both
electricity transmission over power lines and the process of transforming voltage levels
involve codsin the form of dectrica energy disspated as heat energy. In this respect,
the ddivery of dectricity to end-usersfits the iceberg modd of transport cogts.
Moreover, the disspation of eectrica energy rises with transmisson distance, other

things equdl, so that spatid price differentids are gptly described in log terms.

Figure 1 shows a“grest compresson” in the log price distribution from 1963 to
the late 1970s. The shipments-weighted standard deviation of log eectricity pricesfell
from 26% in 1963 to 16% by 1978, and the 90- 10 price differentia fell from 51 log
pointsin 1967 to 33 log pointsin 1979. To the best of our knowledge, we are thefirst to
document this grest compression in the distribution of eectricity prices. A key god of
the paper is to explore the factors that underlie this development and the later behavior of

electricity price disperson

We show below that the great compression reflects a dramatic erosion of quantity
discounts on dectricity purchases. The dadticity of price with respect to annud
eectricity purchases (usage) declined sharply in magnitude from - 17.5% in 1963 to
- 6.5% in 1976. Usage differentids account for 67% of overd| price digperson among

manufacturing plantsin 1963, but only 15% by 1975. The flatening of dectricity price-



quantity schedules clearly predates the Public Utility Regulatory Policy Act (PURPA) of
1978, which sought to redtrict quantity discounts unless justified by lower costs of

transmission and distribution to larger electricity users®

We dso investigate the spatia distribution of ectricity prices among sates,
counties and utilities. To our surprise, the overd| spatid disperson of log dectricity
pricesis highly stable from 1963 to 2000. For example, the between-county standard
deviation of log eectricity prices ranges narrowly from about 11 to 13% during the past
four decades, with no trend. However, the spatid Structure of dectricity prices has
shifted over time, as described below. Inwork under development, we seek to explain
the spatia structure of eectricity pricesin terms of local market characteristics such as
population density and supplier characteristics such as generating sources (cod, ail, gas,

hydro, nuclear and other) and participation in wholesde dectricity markets.

The paper proceeds as follows. Section 2 provides background on the eectric
power industry, selected regulatory developments, and changes over timein the real cost
of eectricity and other forms of energy. Section 3 describes the database. Section 4
decomposes the variance of log dectricity pricesin terms of geographic units, eectricity
usage level and the identity of the eectricity supplier. Section 5 examines eectricity
price-quantity schedules and their role in the gresat price compresson seen in Figure 1.

Section 6 investigates spatia price differentids, and Section 7 concludes.

2 PURPA had no apparent impact on average price-quantity schedules for electricity purchases by U.S.
manufacturing plants. We are currently investigating whether PURPA neverthel ess brought about a
flattening of price-quantity schedules at utilities that had not already curtailed quantity discounts by 1978.
We are also investigating whether the end of plentiful generating capacity explains the timing of the shift
towards flatter price-quantity schedules at individual utilities.



2. Background and Context

Fromitsinception in the 1880s until the mid 1960s, the electric power industry
enjoyed a“golden era’ (Hirsh, 1999). Generating technology improved rapidly,
capacity was plentiful, and dectricity pricesfell. Utilities offered promotiona block
pricing with prices per kilowatt-hour (kWh) that declined with purchases. Stimulated by
fdling red prices, quantity discounts, and new dectrica appliances and machinery,
electricity consumption grew rapidly after World War 11 (Hirsh, 1989, Chapter 4). This
“golden era’ cameto an end by the late 1960s. Previoudy unrecognized technologicd
and metalurgica barriers hampered progressin the creation of better eectric generators.
Inadequately tested designs were put into use, and reliability problems at generating
plants became more frequent. Generators that had been operating below capacity with

decreasing average costs were pushed to their limits by the 1970s*

Economic factors exacerbated the technologica problems facing the industry in
the 1970s. Electricity demand varies widdly depending on loca economic conditions,
season of the year, time of day, temperature and other factors. Uncertain demand, the
high cost of dectricity storage and, historicaly, the absence of pesk-load pricing at the
retall level made it difficult to project eectricity consumption and generdting
requirements. Accurate projections became even more difficult in the 1970s because of
large fluctuations in output, indudtrid production and inflation. Prices rose sharply for

cod and ail, mgor fuel sources for eectricity generation, and there were mgjor

3 Others share this view. For example, Joskow (1989) writes “ During the 1950s and most of the 1960s the
electric power industry attracted little attention from public policy makers. It experienced high productivity
growth, falling nominal and real prices, excellent financial performance, and little regulatory or political
controversy.”

* See Chapters 7 and 8 of Hirsh (1989) for adetailed description of the technological difficulties facing the
electric power industry in the late-1960s and 1970s.



disruptionsin petroleum supplies. The OPEC Oil Embargo of 1973 precipitated a
dramdtic risein oil prices, asdid the Iranian Revolution of 1979. Large fluctuationsin
the user cost of capita during the 1970s also discouraged the construction of new

generating plants.

Concerns about air and water pollution from conventiona power plants and about
safety at nuclear plants led to severa pieces of legidation in the late 1960s and 1970s that
raised costs in the electric utility industry and hampered its operation and development.®
The Nationd Environmenta Policy Act of 1969 required utilities to prepare and defend
environmental impact satements for al new generator Sites. The Clean Air Act of 1970
restricted air pollutants at e ectricity-generating plants and encouraged utilities to switch
from cod to cleaner burning oil or naturd gas. The Federd Water Pollution Control Act
of 1972 limited waste discharge, and the Resource Conservation and Recovery Act of
1976 st forth sandards for utility waste products. The Energy Supply and
Environmenta Coordination Act of 1974 authorized the federd government to prohibit
purchases of naturd gas and petroleum by utilities. Findly, the Clean Air Act
Amendments of 1977 imposed more stringent restrictions on emissions from dectricity-

generding plants.

The upshot of these technologica, economic and regulatory developmentsiis that
the era of declining dectricity prices and plentiful capacity drew to aclose by 1970. Red
electricity prices began to rise after 1973 (Figure 2), © partly because of sharply higher

costs for the fossi| fudls that powered many of the generating plants (Figure 3).”

> Appendix A in EIA (2000c) discusses the legislation summarized below in this paragraph.
® The electricity price seriesin Figure 2 for residential, commercial and industrial sectors are from the
Energy Information Administration (EIA), and the two price series for the manufacturing sector are



In 1978, severa important pieces of legidation passed as part of President
Carter’s Nationd Energy Plan. Among other things, Carter’s plan included the gradud
remova of price controls on oil and natura gas, restrictions on the use of oil and natura
gas by new and exiging generating plants, and rate reform for dectric utilities (Hirsh,
1999). Congress split Carter’s plan into five separate acts, modified them and eventually
passed all five on November 9, 19782 Of these, the Public Utility Regulatory Policy Act
(PURPA) had the biggest impact on electricity markets.® The rate-reform aspects of
PURPA were hotly debated in Congress (Hirsh, 1999, Chapter 4), but in their find form
they required only that Sate regulatory agencies “congder” implementing various

reforms that included an end to promotional pricing structures.!® PURPA Section 210

constructed from the ASM micro data used in our study. The EIA datarely on reports from electric
utilities. EIA pricesare calculated as revenue from retail electricity sales divided by kilowatt hours
delivered to retail customers, and then deflated by the BEA implicit price deflator for GDP. The ASM data
rely on reports from electricity customers (manufacturing plants), and they are deflated in the same way. In
the EIA data, theindustrial sector encompasses manufacturing, mining, construction and agriculture.
" Thereal pricesfor fuelsin Figure 3 were deflated using the BEA implicit price deflator for GDP. Prices
were converted from physical unitsto Btu using EIA approximate annual conversion factors (EIA, 20013,
Appendices).
8 The four other acts derived from the National Energy Plan are the “Energy Tax Act of 1978” (Public Law
[PL] 95-618), the “National Energy Conservation Policy Act” (PL 95-619), the “ Powerplant and I ndustrial
Fuel Use Act of 1978” (PL 95-620), and the “Natural Gas Policy Act of 1978” (PL 95-621). These can be
found in the U.S. Code Database at http://law2.house.gov.
° Thisview iswidely held. For example, see pages 127-128 of Joskow (1989), pages 206-207 of White
g1996), and Chapters 4 and 5 of Hirsh (1999).
O PURPA isPL 95617. A summary of PURPA describes some key characteristics of the law:
“Requires State regul atory authorities and each nonregulated utility to consider how implementation of
standards imposed by this Act would affect each utility and its consumersin terms of energy
conservation, energy efficiency, and equitable rates and to determine whether or not to implement such
standards.
Requiresthat electric utility rates for each class of electric consumers shall be based on the costs of
providing such service to such classes.
Prohibits the use of declining block rates unless the costs of providing servicesto a particular class
decreases as kilowatt-hour consumption increases.
Establishestime of day and seasonal rates to account for variationsin load curves, and establishes
standards relating to interruptible rates and local management techniques.
Directs the Commission to prescribe rules requiring electric utilities to offer to sell electric energy to
any qualifying cogenerator, or small power producer and to offer to purchase el ectric energy from such
entities.




required utilities to buy from and sell power to non-uiility “qudifying fadlities™* The
god of Section 210 wasto draw non-utilities, such as cogeneration plants and renewable
resource plants, into the electric power market (Gordon, 1982). In this respect, PURPA
and later legidation appear to have had amgjor impact. By 1999, non-utilities owned

19.8 percent of the eectric generating capacity inthe U.S. (EIA, 20003, p.1).

Wholesde trade in dectricity markets (electricity sold for resale) became more
active over time. From 1986 to 1992, wholesale trade aready amounted to 30 to 40
percent of find dectricity sdes. The Energy Policy Act of 1992 (EPACT) sought to
promote grester competition and participation in wholesae markets and to unbundle the
price of electrical power from the price for transmission and distribution services*?
EPACT, FERC Orders 888 and 889 (issued in 1996) and various State-levd actions
during the 1990s d so stimulated growth in the wholesde trade of eectricity. These
legidative and regulatory actions hel ped to create a new class of power producers (norn-
utility qualifying facilities) with access to tranamission and exemption from many

traditiona restrictions on public utilities

Requires the Commission to prescribe rules exempting qualifying cogenerators and small power
producersin whole or in part from the Federal Power Act and/or the Public Utility Holding Company
Act.”
This summary isfrom the U.S. government “Thomas” on-line archives and can be found at
http://thomas.l oc.gov/cqi-bin/bdguery/z?d095:HR04018: @@@L |TOM :/bss/d095query.html|.
See Gordon (1982) for a detailed description of PURPA.
1 see Chapters4 and 5 of Hirsh (1999) for a detailed description of Section 210, summarized briefly here.
Section 210 of PURPA made special rules and exemptions for “qualifying facilities” (QFs). QFsdid not
have to be regulated in the same way as electric utilities (PUHCA exemption). FERC was given the power
to interpret PURPA, and they set up the following requirements that were favorable for QFs:
- Utilities had to buy the electricity produced by the QFs.
QFsreceived 100% of the utilities“avoided cost” for the electricity they sold to the utilities.
FERC defined “avoided cost” asthe cost the utility would have incurred had it produced the
electricity itself. There was significant debate about how to determine this“cost”.
QFs could purchase supplemental and backup power from the electric utilities at normal retail
rates. Since most utilities were charging rates based on average cost, QFs could buy the
commodity they were selling at a high price for amuch lower price from the utilities. This
provided the QFs with arbitrage opportunities and further encouraged entry.




Severa gates have undertaken efforts, not dways successful, to introduce greater
retail competition in the eectricity sector. According to Joskow (2003, page 2), the “firgt
retal competition programs began operating in Massachusetts, Rhode Idand and
Californiain early 1998 and spread to about a dozen states by the end of 2000.”*® Since
these developments on the retail Sde of the eectricity sector come at the tail end of the

period covered by our data, they are not the main object of our attention.

In summary, the regulation of the eectric power industry has undergone
ggnificant changes since the late 1970s. PURPA discouraged promotiona block pricing
and encouraged eectricity generation by non-utilities and nontraditional power sources.
EPACT, FERC Orders 888 and 889 and state-leve actions promoted additiona growth of
wholesale dectricity markets, partly by assuring transmission access for non-utility
power producers. Many sates acted to partly deregulate wholesale and retail marketsin
the 1990s. Mogt of these deregulation efforts are in their early stages, but there has been
substantial growth of wholesde trade in dectricity markets over the course of the 1990s.
3. TheData

Our data on electricity prices and quantities come from the 1963, 1967, and 1972-
2000 Census of Manufactures (CMF) and Annuad Survey of Manufactures (ASM). The
ASM isaseries of five-year pands that are refreshed by births as apand ages. Large

manufacturing plants with at least 250 employees are sampled with certainty, and smaler

12 See White (1996) and Joskow (1997).

13 The Energy Information Administration (EIA) collected information on competition in retail sales of
electricity prior to 1998. “We [EIA] collected information from electric sales to customers who selected
competitive energy service providers, beginning in 1996 — related mostly to pilot programs underway in
New Hampshire...and Illinois. Thetotal salesamount in 1996 was only about 3.3 million megawatthours
of energy sold, growing to about 5.85 million megawatthoursin 1997 in California, Idaho, Illinais,

M assachusetts, Missouri, New Hampshire, New Y ork, Oregon, Pennsylvania, Rhode Island and
Washington State.” (Rodney Dunn, EIA Electric Power Industry Specialist, personal communication,
October 16, 2003).



plantswith at least 5 employees are sampled randomly with probabilities that increasein
the number of employees* ASM plants account for about one-sixth of al manufacturing

plants and about three-quarters of manufacturing employment.

ASM plants report the quantity of and expenditures on purchased eectricity
during the calendar year.'> We calculate the plant-level price as annua purchases divided
by annud expenditures. All statistics reported in this study make use of ASM sample
weights, so that our results are nationaly represertative. The Data Appendix describes
severd issues with ASM-based dectricity price and quantity measures that we identified
and addressed in the course of preparing this study. A companion paper by Daviset a.

(2003) tresats these and other dataissues in much greater detall.

We created two measures of where aplant fitsin the distribution of ectricity
purchases. For one measure, we first pooled observations over dl plants within ayear
and then computed deciles of the resulting distribution of eectricity purchases. We then
assigned each plant-year observation a decile rank from 1 to 10 based on whereiit fitsin
the pooled distribution for that year. For a second measure, we assigned centile ranks
based on where a plant-year observation fits into the digtribution of purchasesin that

same yed.

We merged the ASM-based data with the Annua Electric Utility Report for 2000,
which is supplied by the Energy Information Agency (EIA) in its EIA-861 file. The 861

fileincludes gate-level data on revenue from indudirid customers for each dectric utility,

4 The number of employees required to be a certainty caseis lower in 1963 and 1967. In 1963, all plants
in amulti-plant firm with 100 or more employees were sampled with certainty. The samewastruein 1967
except for plantsin the apparel manufacturing (SIC 23) and printing and publishing industries (SIC 27),
which had a certainty threshold of 250 employees.
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the North American Electric Rdiability Council (NERC) region in which the utility
operates, and alist of counties served by the utility.'® Figure 4 shows the 12 NERC

regionsin the U.S*’

Counties are served by as many as 12 dectric utilities'® For the purposes of our
andysis, we cregted a“big” utility varidble, defined as the utility with the most Satewide
revenue from industrial customers among the utilities that serve the county.*® For parts
of our andys's, we then maich the big utility for the county to the manufacturing plants
that operate in the county. Where avallable, we dso exploit publicly available
information on the identity of manufacturing plants that purchase eectricity directly from
the Tennessee Vdley Authority or other public power authorities. Our matching
procedure is imperfect, because it does not dways correctly identify the utility that

supplies dectricity to the manufacturing plant.

Table 1 reports severa characteristics of our merged database. The database
contains more than 1.8 million plant-level observations over the period from 1963 to
2000. There are 3,036 counties with manufacturing plants and 347 “big” utilities, 10 of

which are accounted for by public power authorities that supply dectricity directly to

15 Evenin Census years, only ASM plants are asked about the quantity of purchased el ectricity.

16 To the best of our knowledge, data on the list of counties served by each electric utility are not available
prior to 1999. Hence, we apply each utility’s county list for 2000 to all years considered in our study.

7 There are three major power grids within the continental U.S.: the Western interconnection (WSCC), the
Texas interconnection (ERCOT), and the Eastern interconnection (all other NERC regionsin the

continental U.S.). The ability to transport electricity between these gridsislimited (EIA, 1998, p. 7).

18 This number excludes electric utilities with zero statewide industrial revenue. In our electricity price
database, there are 459 counties served by asingle utility, 780 served by 2, 792 served by 3, 536 served by
4, 261 served by 5, 128 served by 6, 51 served by 7, 15 served by 8, 4 served by 9, 5 served by 10, 3 served
bg/ 11, and 2 countiesserved by 12 utilities.

1 For multi-state utilities, we assign up to one big utility code for each state in which it operates. Thus, by
construction, no “big” utility operatesin more than one state. We adopted this approach because of the
important role played by statesin electric utility regulation and electricity pricing.
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manufacturing plants®® The coefficient of variation for dectricity purchasesis about 3,
the 90-10 quantile ratio is about 380, and the 99-1 quantile ratio exceeds 10,000. The
range of dectricity purchases in the database is enormous.
4. Electricity Price Dispersion and Variance Decompositions

We decompose the variance of dectricity prices between and within groups
defined by dectricity usage leves (i.e., annua purchases) and location. Electricity usage
is measured by the decile and centile groups described in Section 3. Location is defined

in terms of county, big utility area (BU), Sate or NERC region.

Equation (1) shows the variance decompodtion for any given year:

V=38 s(p.- 1) = é:l §°1| s. (. - To)

V=& saslp.-if

el e

=V, +V,

2.8 s(p, - p)?? (1)
g el 4]

where Ipe isthe log price of dectricity for plant e, s isthe weight for plant e, [p isthe
weighted mean log price for dl plants, H isthe weighted mean log price for plantsin

groupl, 5 = é S, isthe sum of weights for plantsin group |, Vi is the average within-

dl
group variance, and Vy, is the between-group variance. Table 2 reports this variance

decomposition for selected years and various grouping criteria, in each case using the

product of the ASM sample weight and the vaue of the plant’s shipmentsfor the s,. In

other words, the variance decompositions are computed on a shipments-weighted basis.

20 Only asmall number of manufacturing plants purchase electricity directly from public power authorities,
but they tend to be plants with very large electricity purchases.
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According to Table 2, the standard deviation of log ectricity prices across
manufacturing plants stood at 26% in 1963, fell sharply to 16% by 1977, and then
changed little over the next 23 years. Thisis the same pattern we highlighted in Figure 1.

Table 2 dso reveds that dedlining price differentials among eectricity usage
categories are largely responsible for the grest compression in the log price distribution
from 1963 to the late 1970s. Asreported in the table, usage centiles account for 67% of
overal price disperson in 1963, but only 34% in 1972 and 17% in 1977. The standard
deviation in log prices across usage centiles falsfrom .21 in 1963 to lessthan .07 in
1977. The standard deviation of usage differentials then rose modestly to .09 in 1997.

In contrast to the sharp compression of usage differentias after 1963, the standard
deviation of log dectricity prices across U.S. counties ranges narrowly from roughly 11
to 13% over the past four decades, with no trend. Figure 5 shows this same result more
graphicaly, making clear that spatid price differentids contributed nothing to the great
compression in the overdl digtribution of log eectricity prices.

Figure 6 shows the overdl and between standard deviations for county, big utility,
usage centiles and big utility crossed with usage centiles. It is worth emphasizing thet the
347 big utilities account for amost as much of the variation in electricity prices asthe
3,036 counties. Together, big utility and usage centile account for alarge part of the
vaiation in dectricity prices throughout the entire sample period. Whether measured by
utility or county effects, spatia price dispersion rises after the early 1970s, peaks around
1980, declines gradudly until the late 1980s, then rises modestly again.

Both Table 2 and Figure 6 show that the main force behind the great compression

in the eectricity price digtribution through the late 1970s is the collgpse in price

13



differentials among groups of manufacturing plants with different eectricity purchase
levels. In the next section, we explore eectricity price-quantity schedulesin detail.
5. Electricity Price-Quantity Schedules

The ddivery of dectricity to end users requires generating facilities, transmission
lines and transformers (to dter voltage). Margina costs of generation depend on severa
factorsincluding power source and generator efficiency. Margind costs of ddivery
depend on the physical characterigtics of the transmission grid and distribution system.

Electricd energy disspates as heat energy during transmission and in the process
of trandforming voltage levels. One way to lower energy losses and transmission costsis
to reduce the resistance to electric current.?! The resistance of awire depends on its
physica characteristics such as materid type, length, and thickness. Resistance increases
with the length of the wire and decreases with thickness. Ancther way to lower
transmisson codsisto rely on high-voltage power lines that involve less dissipation as
heet energy. However, high voltage levels are dangerous, so transformer stations near the
find delivery point are typicaly used to step down voltage levels for end users. The
process of transforming voltage levels dso involves some dissipation of eectrica
energy.22

Taking this basic physcsinto account, there are severd reasons why dectricity
might be less costly to supply to large eectricity purchasers. (a) high-voltage

transmission lines can lead al the way to the plant’s “doorstep”, cutting down on

21 seeHalliday et al. (1992) for adiscussion of the basic physics of electricity.

22 Transformers are used to convert high voltage electricity to low voltage electricity and vice versa. Those
that convert from high to low voltage are often called “ step-down” transformers. Some power is lost when
the electricity istransformed due to eddy currents, which are currentsinduced by the magnetic field in the
iron core of the transformer. The eddy currents heat up the core of the transformer and the energy in that
heat islost.

14



transmission cogts, (b) alarge power consumer might operate some equipment &t high
voltage leves, circumventing or reducing the need for step-down transformers and
complex distribution networks, (c) plants that use large amounts of power may operate
and maintain their own step-down trandformersin any event, relieving the utility of this
task and associated codts; (d) large electricity users may locate close to power generators
to minimize transmission losses; and (€) some large dectricity users may accept
interruptible power provisionsin exchange for lower prices. In short, there are good
reasons to anticipate some degree of quantity discounts in éectricity price-quantity
schedules, even if generating cods areflat or risng. During the “golden erd’ of the
electric power industry, declining average and margina costs of generation provided
another potentialy important reason for quantity discounts.

We now consider empirica evidence on eectricity price-quantity schedules for
manufacturing plants and changes in these schedules over time. Figure 7 showsthe
average log price by usage decile from 1963 to 2000.2 Asof 1963, the average price for
plants in the lowest usage decile was dmost 70 log points higher than in the highest
decile. Smdler price differentids are gpparent throughout the entire distribution of
electricity usage. Usage-leve price differentids shrink dramaticaly during the 1960s
and the first half of the 1970s. By 1978, the year when PURPA was enacted, the
dramatic erosion in quantity discounts was aready complete. Modest quantity discounts
perssted after 1978 and throughout the period until 2000. The average price gap

between the biggest dectricity users and the next group remains large after 1978,

2 The sharp compression in the price distribution at the lower usage deciles after 1989 reflects a data
problem that we are currently working to resolve. This data problem mainly affects smaller plants and,

hence, does not have much effect on the shipments-weighted and purchase-weighted statistics and analyses
that we report elsewhere in the paper.

15



amounting to about 10 log pointsin 2000. Price differentids are smal over the rest of
the distribution.

Figures 8 provide amore detailed look at the price-quantity schedules for sdlected
years. Figure 8a plots the mean log price by usage centile, and Figure 8b plots the fitted
relationship between price and usage based on plant-leve regressions of log priceon a
quartic polynomia in log purchases®* The pand's show aflattening of the price-quantity
schedule through 1978 and little change in the shape of the schedule after 1978. Figure
8b dso suggests that the price-quantity schedue iswell gpproximated asalog linear
relationship, afact that we exploit below.

It isworth remarking that what appear to be quantity discounts could, in fact, be
gpatid digpersonindisguise. If manufacturing plants that purchase larger amounts of
electricity are more likely to locate in areas served by utilities with reatively inexpensive
power, then we can find a negative relationship between dectricity price and usage even
if al utilities offer flat price-quantity schedules. More generdly, any tendency by larger
electricity usersto buy power from utilities with lower prices contributes to a negetive
price-quantity relationship. We refer to this phenomenon as “ patid sorting”.

Figure 9 displays the time series of dope coefficients from cross-sectiond plant-
leve regressons of log dectricity prices on log eectricity purchases. In order to
distinguish between spatid sorting and true quantity discounts at the utility leve, one
regression specification includes controls for big utility and one does not. Figure 9
confirms the dramétic flattening of price-quantity schedules between 1963 and the late

1970s, and it conveniently summarizes the size of the quantity discount by year. The

24 \We trimmed the bottom and top 2% of the usage distribution prior to fitting and plotting the curves
shown in Figure 8b.
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eladticity of price with respect to annual purchases stood at - 17.5% in 1963, fell to about
- 11.5% in 1972 and diminished further to about - 6.5% by 1978.

Figure 9 dso shows that spatid sorting isasmall part of the explanation for the
negative relationship between price and quantity. Prior to the mid 1970s, the dope
coefficients are virtudly unaffected by the inclusion of big utility fixed effects, indicating
that spatid sorting played no role in the negative price-quantity relationship.

Sating in the mid-1970s, there is evidence of systematic spatid sorting of larger
electricity usersto areas served by utilitieswith lower eectricity prices. But even after
1975 the spatid sorting effect is modest, accounting for only about 1 to 1.5 percentage
points of an dadticity thet fluctuatesin therange of - 6.5% to - 9.5%.

Thewithin-utility elasticity of price with respect to annud purchases reachesiits
gmdlest vdueof - 5.0% in 1981 and becomes gradudly larger after the early 1980s. In
the years after 1985, the within-utility elagticity of price with respect to purchasesis
aways larger in magnitude than its value in 1977, the year prior to PURPA. This
evidence reinforces our view that the rate-reform provisonsin PURPA hed little impact
on electricity price-quantity schedules— & least for manufacturing customers.

6. The Spatial Structure of Electricity Prices

Regiond price differences for eectricity are often cited as akey driving force
behind efforts during the 1990s to reform the eectricity sector (White, 1996, and EIA,
2000c). Y et the results presented above show that the spatia dispersion of dectricity
prices has been remarkably stable over the last four decades. Indeed, Figure 5 shows a
dight increase in the spatia dispersion of dectricity prices snce 1963 and since 1985.

Evidently, reform efforts have not mitigated overal spatia price disperson.
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The spatid structure of prices has changed over time. To depict some of these
changes, Figure 10 displays average log price deviations from the U.S. mean for selected
dates. Pricesin Cdiforniawere modestly above the nationd average in the 1960s and
early 1970s, but then rose steadily to reach alevel 25 log points above the nationa
averagein the 1990s. Many states in the Southwest, Mountain and Midwest regions have
experienced declining relative prices in recent decades. For example, rdative pricesin
Illinois and Michigan were about 15 log points above the nationd average in the 1960s
but fdl to just above the nationad mean by 2000. For many States on the east coadt,
relative dectricity prices have remained high throughout the past four decades.
Washington and Idaho, two states that rely heavily on hydro power, show low relative
prices throughout the past four decades but aso much volatility.>® In particular, both
states experienced abrupt drops in the relative price of dectricity during the mid 1970s,
followed by along period of rigng relaive prices. This pattern indicates that, in response
to the genera rise of energy codts after 1973, eectricity prices responded with a
consderable lag in states that did not rely much on foss| fuels for power generation.

Figures 11 and 12 provide more systematic evidence about mohility over time
within the spatia price digtribution, and at afiner geographic level. Thesefigures display
scatter plots and linear regression fits for county and big utility fixed effects across pairs

of years?® The scatter plots and regression fits show considerable persistence in the

25 Washington and I daho generated 86.7% and 99.9%, respectively, of their electricity from hydropower in
1973. In contrast, Connecticut and Massachusetts generated 79.2% and 83.4%, respectively, of their
electricity from oil and natural gas powered generating plantsin 1973. We calculated these figuresfrom

EIA (2001b).

28 For any given year, we computed county fixed effects as deviations of the county mean log price from
the national mean log price. We calculated big utility fixed effectsin an analogous manner. In the scatter
plots and in fitting the regression lines, we omitted counties and utilities that did not meet disclosure
requirements because of too few underlying plant-level observations. In the regressions, we weighted each
included observation by the square root of the number of plants used to compute the fixed effect.
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gpatid price structure over five-year intervals. R-squared vaues range from .53 to .80 for
the county-level regressions and from .64 to .85 for the utility-level regressons. Sope
coefficients are al'so high, ranging from .66 to 1.0.

Two other aspects of Figures 11 and 12 strike us as noteworthy. First, both
figures show the lowest R-squared vaues for the 1972-1977 interval, which encompasses
thefirgt ail price shock and adramatic risein thered cos of foss| fuds (Figure 3). The
R-squared vaues are dso relatively low for the 1977-1982 interva, during which the regl
cost of oil and natural gas, but not coa, continued to rise sharply. These results confirm
the more impressonitic evidence in Figure 10 that rising foss| fud pricesin the 1970s
and early 1980s disturbed the spatial structure of eectricity prices.

Second, the 1990s and the latter part of the 1980s show greater stability in the
gpatid price Sructure than earlier decades. Moreover, the regression dopesfitted to
these intervas are by no means on the low side, as one might expect if increasing
regiond or nationd integration of eectricity markets caused spatia price differentiasto
revert toward the mean. Thesefindingsimply thet the rapid growth in wholesale
electricity trade since the mid 1980s and the vigorous federd and sate efforts to promote
wholesale dectricity markets have not led to acompression of spatid price differentids,
or even had much effect on the spatid structure of prices. Itiscertainly possble that a
narrowly focused geographic anaysis would uncover evidence of spatid price
convergence within particular regions, but any such effects are not sufficiently powerful
or pervasve to reduce overal spatid disperson (Table 2 and Figure 5), noticesgbly

disturb the spatid structure of prices (R-squared resultsin Figures 11 and 12), or drive
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outliersin the spatia price digtribution to the nationa mean (dope coefficients in Figures
11 and 12).

In work under development, we are seeking to quantify some of the mgor
determinants of spatid price differences. There are many candidate factors, which differ
in their ease of measurement. Some States, Cdiforniafor example, have stringent
environmenta laws that raise the cost of dectricity generation and transmission.

Regiond differencesin the relative importance of hydro, nuclear and the mix of fossl
fuds clearly have mgor and time-varying effects on spatid differencesin the cost of
electricity generation. Figure 3 shows the pattern of real pricesfor cod, natura gas, and
crude oil from 1960 to 2000. Cod has by far the most stable prices, with cod prices
rigng sgnificantly in the 1970s and then declining dowly. Crude oil and naturd gas
prices are much more volatile. Other potentialy important factors include state and local
taxes on purchased eectricity, rate-setting procedures, and the age and efficiency of the

distribution network.
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7. Conclusons
Our main findings are summarized as follows:

The didribution of log dectricity prices underwent a grest compresson from
1963 to the late 1970s. Theresafter, and through 2000, there wasllittle change in
the overdl dispersion of dectricity prices paid by manufacturing plants.

The great compression reflects a dramatic flattening in dectricity price-quantity
schedules. The average dadticity of price with respect to annud eectricity
purchases fdl (in magnitude) from -17.5% in 1963 to -6.5% in 1976.
Thisdramatic erosion of quantity discounts clearly predates the rate-reform
provisions enacted by PURPA in 1978, and PURPA had no gpparent impact on
average price-quantity schedules.

Quantity discounts, and the flattening of price-quantity schedules over time, occur
within utilities. The spatia sorting of large eectricity usersto areas served by
utilities with chegper ectricity plays no role in the negative price-quantity
relationship prior to the mid 1970s and only a very modest role theresfter.

There are no large secular movementsin the patia digpersion of log eectricity
prices over the 1963-2000 period, and only mild year-to-year fluctuations. Spatid
disperson rose somewhat during the mid 1970s in the wake of sharply higher
cods for fossl fuels.

Mogt of the spatid disperson in average dectricity prices across more than 3,000
U.S. counties can be accounted for in terms of average price differences among
roughly 350 big utilities that supply eectricity to the manufacturing sector.

The spatid structure of prices has changed over time. The most rapid changes
occurred from the middle 1970s to the early 1980s, probably as aresult of sharp
increasesin ail, gas and cod prices. These foss fuds play a much bigger rolein
eectricity generation in some parts of the country than in others.

Despite efforts to promote wholesale and retail price competition during the
1990s, and the subgtantial growth in wholesae dectricity trade since the 1980s,
the spatid Structure of eectricity prices during the 1980s and, especidly, the
1990s is more stable than in earlier decades. Moreover, we find no evidence that
the growth in wholesde eectricity trade and supporting ingtitutions eroded spatid
price differences.
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Data Appendix
This data gppendix contains information on the crestion of the eectricity price
database not included in Section 3. See Davis et d. (2003) for a detailed description of

the creation of the electricity price database.

A. Inactive Plants
All inactive plants, those with salaries and wages (SW) equa to zero, were

dropped.

B. Industry Codes

The dectricity price database industry variable contains 1972 4-digit SIC codes
for 1963, 1967, and 1972-1986 and 1987 4-digit SIC codes for 1987-2000. Corrections
were made to the industry variable based on information in Davis, Hatiwanger, and
Schuh (1996, p. 222). Additiona corrections were made for consstency with the NBER-
CES producer price index database.?’ Observations sill containing invaid

manufacturing 4-digit SIC codes after these corrections were dropped.

C. Geography Codes

The geography codes in the dectricity price database are FIPS county and State
codes. Severa corrections were made to these codes including the correction of a
problem with the FIPS state codes from 1963-1988 regarding Hawaii and the correction
of FIPS county codesin 1986. The FIPS county codes were also adjusted for
concordance over time and with the EIA data. Observations till containing invaid

geography codes after these corrections were dropped.
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D. Measurement Issuesin using the ASV

There were some difficulties in pecific years (e.g., 1983) with the survey
responses. For example, in 1983 gpproximately 10 percent of respondents had the
physical quantity of purchased eectricity exactly equa to cost of purchased dectricity
suggesting that such respondents faced an incredible price of $1.00 per kilowatt-hour (the
average industria eectricity price in 1983 was less than 10 cents per kilowatt-hour).
Another data problem we encountered is that ASM plants are not readily identified in the
1967 Census of Manufactures. Using information from avariety of sources, we
developed an dgorithm to identify the 1967 ASM plants. A related problem isthat ASM
sample weights are not available in either 1963 or 1967. We aso developed an agorithm

to impute sample weights.

2" The NBER-CES producer price indices are available at http://www.nber.org/nberces/nbprod96.htm
Thereisaprice index value for each year and 4-digit SIC code.
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Table 1. Sdected Characterigtics of the Electricity Price Data

Y ears covered 1963,1967,1972-2000
Number of plant-level observations per year 48,310t0 72,102
Tota number of annud plant-level observations? 1,819,968
Number of counties with manufacturing plants 3,036
Number of 4-digit Mfg. SIC industries (1972 / 1987)° 447 | 459
Number of “big” utilities” 347
Mean annua dectricity purchases (GWh)® 99.70 / 859.48
Standard deviation annual electricity purchases (GWh)® 333.75/ 2,396.90
Quantiles of Annua Electricity Purchases (GWh), Shipments Weighted
1 5 10 25 50 75 90 95 99
.07 30 .70 320 | 16.34 | 89.03 | 266.88 | 443.11 | 995.22
Notes:

@ Theinitid sample contains 1,937,282 obsarvations. We lose 448 observations because
of invalid geography codes and 115,938 observations (6.0%) because of missng vaues
for dectricity price, total employment, value added or shipments. In addition, each year
we trim .05% of the observations with the lowest dectricity prices, which leadsto aloss
of 928 additiona observations.

P\We use 1972 SIC codesin 1963, 1967, and 1972-1986 and 1987 SIC codes in 1987-
2000. Seethe CES working paper, “ Congtruction of a Plant-Leved Electricity Price
Dataset from the 1963, 1967, and 1972-2000 Census of Manufactures and Annua Survey
of Manufactures’ for additiond informetion.

¢ By congtruction, a“big” utility does not cross sate lines. Among the “big” utilities are
three public power authorities: Tennessee Vdley Authority (TVA), Bonneville Power
Authority (BPA), and the New Y ork Power Authority (NY PA). Thereare 337 “big”
utilities not counting the public power authorities.

4 The first number is computed from the shipments-weighted distribution of lectricity
purchases, and the second number is computed from the purchase-weighted (GWh)
digtribution.
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Table 2. Variance Decompositions, Log Electricity Prices, Sdlected Years

1963[1967|1972| 1977 | 1982| 1987 | 1992 | 1997 | 2000

Overall Standard Deviation| .259|.219|.191 | .162 | .157 | .152 | .162 | .169 | .159

County
1Between Variance as % of Tota 18.9|129.0(31.4|53.0| 66.3|53.8|61.6|57.2|54.2
Between Standard Deviation JA112).118|.107 | .118| .128 | .111 | .127 | .128| .117

Big Utility (BU)

2|Between Variance as % of Total 9.0119.0|21.8|423|555|43.7|50.4 |465]| 429

Between Standard Deviation .078|.095|.089 | .106 | .117 | .100 | .115| .116 | .104
State

3Between Variance as % of Total 42 1121)|116.7| 348|458 36.1|42.7|39.1| 35.8
Between Standard Deviation .053|.076|.078 | .096 | .106 | .091 | .106 | .106 | .095
NERC Regions

4Between Variance as % of Totd 30(82|116|135|175(14.2|215|20.1| 19.6
Between Standard Deviation .045(.063|.065| .060 | .066 | .057 | .075 | .076 | .071

Usage Deciles

SBetween Varianceas % of Total | 59.6{50.4(31.1|14.0| 182|242 | 241 | 253 | 22.9

Between Standard Devidtion .200| .156 | .106 | .061 | .067 | .075| .080 | .085 | .076

Usage Centiles

6Between Variance as % of Totad 66.6| 547|344 168|196 26.6| 29.3 | 30.2| 26.3

Between Standard Devidtion 211).162| .112 | .067 | .070 | .078 | .088 | .093 | .082

BU x Usage Deciles

/|Between Variance as % of Total 69.8| 64.4|52.5| 55.7 | 68.3| 61.3| 66.7 | 63.6 | 61.8

Between Standard Deviation 216|.176|.138 | .121| .130| .119| .132 | .135| .125

BU x Usage Centiles

8Between Variance as % of Tota 81.9(750|645|662|76.7|718|770|745|73.2

Between Standard Devidtion 2341.190|.153| .132| .138 | .128 | .142 | .146 | .136

Note: Statistics computed from the shipments-weighted distribution of eectricity prices
in the indicated year.
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Figure 1. Electricity price digperson, U.S. manufacturing, 1963-2000
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Figure 2. Red dectricity prices by end-use sector, 1960-2000
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Source: Energy Information Adminigtration

Figure 4. NERC Region Boundaries
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Figure 5. Variance of log dectricity prices within and between counties, 1963-2000

32



027f
025}
023}
0.21f
0.191
0171
0151
0131
011f

Standard Deviation of Log Price

0.09
0071

0.05k
1960 1965 1970 1975 1980 1985 1990 1995 2000

Year

*== Total 558 County
++ Big LHility t#+% | Jsage Level Centile
852 Big Utility x Usage Level Centile

Source: Authors cdculations on plant-levd datain the Annud Survey of
Manufactures. Statistics computed on a shipments-weighted basis.

Figure 6. Electricity price digperson across counties, usage leve centiles, and utilities,
1963-2000

33



05
—08
—-07
—08¢t
—-09
—107
—11r
—127
—137
—147
—15¢t
1960 1965 1970 1975 1980 1985 1990 1995 2000
Year
*#* Dacile 1 (Mean lbg MWh = 16) 5548 Decile 2 (Mean log MWh = 2.1)
—— Decile 3 (Mean lbg MWh = 2.5) #*+ Decile 4 (Mean log MWh = 2.7)
=== Decile 3 (Mean lbbg MWh = 2.9) == Decile 6 (Mean kg MWh = 3.2)
&%% Decile 7 (Mean lbbg MWh = 34) ##+# Dacile 8 (Mean log MWh = 3.7)
%% Decile 9 (Mean lbg MWh = 4.0 ###% Decile 10 (Mean log Mwh = 5.0

Source: Authors caculations on plant-leve datain the Annua Survey of
Manufactures. Statistics computed on a shipments-weighted basis.

Figure7. Mean of log red dectricity prices by usage deciles, 1963-2000



—16+

0 10 20 30 40 30 60 70 80 90
Centile
— 1967 1973 — 1978 ——-2000

Source: Authors caculations on plant-leve datain the Annua Survey of
Manufactures. Statistics computed on a shipments-weighted basis.

Figure8a. Mean of log red dectricity prices by usage centiles, selected years

35

100




—0.75F
8 —100f
a
=
o
8 =
L)
i
5 —1257
1]
o
o
5
3
& —150¢

—175c. . . . . . .

14 2.0 26 3.2 3.8 44 5.0
Log Purchased Electncity
— 1987 - 1973 —— 1978 ——-2000

Source: Authors caculations on plant-leve datain the Annua Survey of
Manufactures. Statistics computed on a shipments-weighted basis.

Figure 8b. Log dectricity pricefitted to a quartic polynomid in plant’s
purchased eectricity, sdlected years

36



—0025F

—0.050¢

0073}

—0.100}

Slope

—0125

—0.150}

—0.175}

—0.200k . . . . . . . .
1980 1965 1970 1975 1980 1985 1990 1995 2000

Year
=t Without Big Utility Fixed Effects  ©° With Big Utility Fixed Effects

Source: Authors calculations on plant-levd datain the Annua Survey of
Manufactures. Statistics computed on a shipments-weighted basis.
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Figure 11. Scatter plots of county effects, selected year pairs
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Figure 12. Scatter plots of big utility effects, selected year pairs
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